Introduction
The following introductory information has been presented in various forms in previous ASEE papers 1, 2, 3, 4 that address other aspects of this project. It is updated and included here to provide context for the "leaver" survey discussed in this paper.
Background

Characteristics of LeTourneau University
LeTourneau University is a private faith-based university offering over 60 academic programs, including engineering and engineering technology, the aeronautical sciences, business, education, the liberal arts, and sciences. The School of Engineering and Engineering Technology (SEET) is the largest of the five academic divisions of the university. Of the 1400 undergraduate students on the campus, over 575 of them are matriculated in the SEET, which offers two undergraduate Bachelor of Science degrees: Engineering and Engineering Technology. The Engineering degree provides six concentrations: biomedical, civil, computer, electrical, materials joining, and mechanical, while the Engineering Technology degree provides five concentrations, aeronautical-electrical, aeronautical-mechanical, electrical, materials joining, and mechanical. All of these concentrations build upon a common core of general education and technical coursework.
First-Year Initiatives for Retention Enhancement (FIRE)
Our school engineering graduation rates have been declining despite steadily increasing enrollment. Retention and graduation rates declined to significantly subpar levels, motivating an internal study 3 of underlying causes. This study, conducted in the summer of 2009, analyzed performance and predictor data, as well as surveys of the literature and of non-retained SEET students, and produced several recommended actions based on documented best practices. An ensuing NSF STEP grant was obtained in August of 2010 to aid in the implementation of these initiatives. The primary goal of First-Year Initiatives for Retention Enhancement (FIRE) is to increase the school's graduation rate from its recent five-year average of 42% to an improved five-year average of 65%. This will put us above the average graduation rates of undergraduate engineering programs across the nation. Reported numbers vary from one source to another, but a national average of about 55% is in reasonable agreement with the sources identified. 5, 6, 7, 8 A pilot version of the program was carried out during the 2010-11 academic year and full implementation began in the fall of 2011.
All of our approximately 140 "First time in college" (FTIC) freshmen are the focus of the SEET's retention improvement efforts. The SEET's multifaceted initiatives for improving retention include several best-practice components, namely: 1) exposure to engineering practice through two new courses, Introduction to Engineering Practice I & II, employing multidisciplinary projects 9 , including presentations by practicing engineers;
2) the development of a faculty mentoring program for first-year students;
3) the development of a peer mentoring program for first-year students;
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The mentoring aspects of the program utilize first-year interest groups (FIGs) consisting of 6-12 like-major freshmen, a peer mentor, a faculty mentor, and shared access to an industrial mentor. 10 
Overall Retention and Graduation Rates
Recent one-, two-and three-year retention rates are shown in Figure 1 . After the first 4 years of the project the retention rates have increased for "first time in college" (FTIC) students in the School of Engineering & Engineering Technology. As seen in graph, the current trend indicates an increasing retention over the historic SEET baseline suggesting positive project impact. While we cannot link the increase directly to the efforts of this project, there is a strong correlation between the beginning of the project (2010) and increase in retention numbers. Table  1 provides the average 1-year retention rate within the SEET for the 3 years prior to the FIRE project and for 3 years subsequent to its start. The 2010 cohort is considered transitional, since the retention project elements were not yet fully implemented, and is therefore not included in the averages. So far the average 1-year retention rate has increased by nearly 9 percentage points during the project. At the same time the average 1-year retention rate for the rest of the university only increased by 2%. Since SEET students and non-SEET students experienced the similar external factors (e.g. university admissions requirements, maintaining scholarship requirements, effects of the national economy, etc.) during this time period, the data suggests that the FIRE project is the major contributor to the increased retention. We do not yet have 6-year graduation rate results, but we anticipate that we will reach our longterm goal of 65%. The cohort of 2011 with its 3-year retention rate of over 70% is on track to be the first group ever to reach the target graduation rate. It should be noted that the 2012 cohort's decline in retention was likely precipitated by a 30% spike in incoming enrollment that year which overstretched retention resources.
Project Surveys
Assessment Instruments
The FIRE program is partially funded by an NSF STEP grant and due to the yearly reporting requirements assessment instruments have been numerous and varied to track the overall health of the program initiatives. In addition to the project assessment surveys given to those are still currently participating in the project, surveys have also been given to those that have left the SEET.
Leaver Surveys
In 2009 an exhaustive survey was deployed to students that had left the school asking these former students (leavers) to rank the influences behind their decision to leave engineering. The results of this survey were utilized to help develop the several first-year retention initiatives targeted at persistence of FTIC engineering students. 
Our Findings
Armed with the background information on the STEP program and the increased retention rates documented since the start of the retention initiatives we can begin to look at some of the reasons why students continue to leave through analysis of the "leaver" survey. In this section we will detail the methodology behind the survey including how it was structured and deployed. The quantitative results will be examined beginning with a summary of the basic demographic information and continuing with the data deemed most applicable to this audience. Qualitative data collected through the question "in my own words this is why I left" will be introduced throughout the discussion on each question to reinforce some of the findings.
Methodology
Subjects
The criteria for the survey population included any student enrolled in the SEET as an FTIC or transfer for at least one semester before leaving the school or university. Student names and email addresses were obtained from the university's records office. Additional information included the id number, cohort year, telephone number and in some cases an alternate email address. Overall cohort years spanned 2006 through 2013. The SEET has an approximate enrollment of 550-575 students and an average freshmen class size of 150-175 students, therefore overall population was small and the response rate for the "leaver" survey would be critical to collecting enough useful data.
Survey deployment
SurveyMonkey.com was utilized to deploy the survey and collect results. Over the five-year period of collection a total of 143 responses were collected. One initial deployment and three additional updates were deployed as summarized in Table 2 below. In addition we tasked student workers with making reminder calls and chasing down bad email addresses resulting in a slightly better 28.7% response rate. While incentives can run the risk of skewing results with respondents being focused on the prize rather than submitting quality answers a review of the responses verifies that quality data was collected.
Survey Structure
It was desired to separate the students who left the SEET but remained at the university from those that left the university entirely. This action allows us to target the specific influences for leaving engineering. Therefore, the final question in the demographic section asked "Upon leaving the university or the SEET, I did the following:" Based upon the answer from this question the survey navigated in one of two directions as shown in Figure 2 below.
Figure 2. Demographic question used to separate groups
The bulk of the analysis that will follow is focused on group 1 since it is more applicable to this audience as well as the work associated with the NSF-STEP grant. The group 2 data will only be examined to understand any outside influences that are unique to the university.
Response: "Changed my major but stayed at the university"
Question: "Upon leaving the university or the SEET, I did the following:"
GROUP 1
Remainder of questions focused on reasons that caused them to stop studying engineering.
GROUP 2
Remainder of questions focused on reasons that caused them to leave the university.
Response: "changed my major and transferred to a different university or college"
Response: "kept the same major but transferred to a different university or college"
Response: "changed my major, stayed at university for a while and then left"
Response: "stopped attending any university or college"
Survey Questions
Demographic data was collected in order to supplement the basic information provided by the university records office. This information was as follows:
 Name  Email  Phone Number (for possible follow-up questioning)  Gender  First time or transfer student  Major  Living situation: on campus/off campus/some of each  Withdrew after how many semesters  After leaving what did you do?
As mentioned in the survey structure section above, depending on the answer from the last demographic question the survey moved on to ask specific questions concerning influences for leaving the SEET or the university. Each question asked the respondent to either rank the given influences 1 st , 2 nd and 3 rd or to ask to what degree certain factors played a role from minimally through a significant amount. Each question was accompanied with an "Other" category allowing the respondent to record an influence or reason that was not listed, although this option was rarely chosen. An example of the question format can be viewed in Figure 3 below. Additional inquiries were made pertaining to specific reasons relating to coursework problems and financial challenges. A complete survey can be examined in Appendix A. 
Survey Results and Analysis
Demographic Results
The survey data was compiled and separated into two distinct groups: PRE-STEP (cohorts 2006-2009) and POST-STEP (cohorts 2010-2013). In addition, 17 responses that identified themselves as a transfer student were removed in an effort to maintain strictly an FTIC comparison as transfer students are not exposed to all the current retention initiatives. The resulting 126 responses separated into the two groups along with some basic demographic data can be reviewed in Table 3 below.
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In comparing the PRE-STEP and POST-STEP populations for the analysis of the survey it must be through the lens of improved retention. Recall that the retention rate for cohorts 2011-2013 was 8.9% greater than the 2006-2009 cohorts. The STEP project is likely a major contributor to this increase. Therefore it is somewhat difficult to perform a true comparative analysis as the populations have had a different first-year experience.
Question: Upon leaving the SEET I did the following:
This was the final question in the demographic section of the survey and as stated earlier ( Figure  2 ) separated the respondents into two groups. Figure 4 depicts the results and illustrates the differences in our PRE-STEP and POST-STEP cohorts. A key finding from this question shows that our retention initiatives are providing a better understanding of the engineering profession and allowing students to make a more informed decision regarding career paths. This is partially supported by an additional assessment instrument given to FTIC students at the beginning and end of their first semester which measures this increase in understanding. Reviewing the open-ended comments from these students indicates a clear decision that engineering was not a path of study they desired to pursue.
We believe the 10.9% decrease in students who kept the same major but transferred to a different university or college is an example of students having a better understanding of the engineering discipline. They are more likely to abandon engineering altogether than to try a different school and discover after another one or two semesters to finally leave engineering.
What is troubling from the results of this question is the 13.1% increase in students choosing to stop attending any university or college.
Again, the open-ended comments hint at the underlying reasons for most of these. Poor academic performance, financial struggles and maturity issues were the overwhelming theme of those students who chose to stop attending any college.
Question: Rank the top reasons to change major from engineering to something else:
This question was asked only to the first group that changed major from engineering but remained at the university. This allows us to isolate the specific reasons that affected the major change without any other outside influences. The student was actually asked to rank the top three out of four given reasons. The rankings were then weighted by multiplying a one ranking by three, two rankings were multiplied by 2 and a third ranking was multiplied by 1. The weighted results which have been converted to percentages for ease of comparison can be viewed in Figure 5 below. This question provided the most insight into attrition revealing several key 0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% Question: Upon leaving the SEET, I did the following:
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Figure 5. Influences for leaving engineering.
The 5% increase in the amount of students who lost interest or motivation to study engineering may be interpreted as a positive result of the retention initiatives. The information provided to the freshmen through the first-year experience courses, plus faculty and industrial mentorship provide a realistic picture of an engineering career and the increase might suggest that the students leaving the school are more decisive in their choice of major. However, when the small sample sizes are considered this value is not statistically significant and therefore difficult to draw any major conclusions.
While no significant conclusions can be drawn between the PRE-STEP and POST-STEP populations on this question some insight can be garnered from analyzing the qualitative data with respect to the question "in my own words, this is why I left the SEET". This optional question was responded to by 94% of the students indicating an open willingness to convey their experiences. For those respondents who ranked the "lost interest in/motivation to study engineering" as their top reason the comments consistently indicate a clear direction as shown in a sampling of these responses below.
"I realized I was not interested in engineering in itself, and by the time I decided to leave SEET I did not think good job prospects alone justified going into an engineering career." "I left LeTourneau's engineering program because I lost interest in my major (Biomedical Engineering concentration) and because I gained interest in another (Computer Science)."
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
Had difficulty with coursework (academic performance)
Lost interest in / motivation to study engineering
Initially majored in engineering due to parental pressure and later decided it wasn't for me The influence titled "uncertain of future career options" was intended to be focused on the actual job market, however, we believe this was interpreted by some respondents as having difficulty picturing themselves working as an engineer for their career.
In fact the open comments seem to bear this out with numerous respondents arriving at the realization that engineering was simply not for them based upon early academic performance or influence of others. If this is true then there is likely some overlap between the influence concerning motivation in engineering deducing that if one does not picture themselves as an engineer they are likely to lose interest and motivation to study to that end. Comments suggest that a student was just as likely to arrive at the same conclusion before the initiatives were in place as after, with a minor caveat that the average stay POST-STEP was about half a semester longer than PRE-STEP. A sampling of the comments from students who selected this reason as their first or second reason is provided below. Notice the similarities to the students who selected the "lost interest in/motivation to study engineering" as their top reason.
"I left the SEET program because I was not interested in being an engineer. I could not see a future for myself in the field as I did not feel creative or passionate enough for the profession." "I decided engineering was not something I would enjoy doing as a career" "I left the engineering program because I really didn't like it. It wasn't for me. I changed career fields completely and switched to biology." "I felt like I didn't have what it took to be an engineer (lack of motivation, poor math skills) and felt called to do other things. I liked the idea of engineering, but it really wasn't for me." "I did not see being an engineer as the career path that was for me."
The students having difficulty with coursework mirrors what was reported by a University of Pittsburgh 6-year study in which approximately 25% of students leaving engineering did so because of difficulty with coursework 14 For the students who left both the SEET as well as the university we asked them to rank the specific influences for leaving. Recall that some students who left, 19.2% PRE-STEP and 8.3% POST-STEP (from Figure 2 ), continued to study engineering at another university. The rankings were then weighted by multiplying a one ranking by 3, two rankings were multiplied by 2 and a third ranking was multiplied by 1. The weighted results which have been converted to percentages for ease of comparison can be viewed in Figure 6 below. This question reveals how outside influences such as social atmosphere of the campus or financial struggles compare to the engineering-related reasons for leaving. A comparison between PRE-STEP and POST-STEP results is difficult with the small sample sizes, however, what becomes clear from this data is the comparative results between the engineering specific influences versus outside influences. While again, not statistically significant, this population followed a similar pattern as the data in which students left the SEET and stayed at the university ( Figure 5 ). We see increases in the students who lost motivation to study engineering and a decrease in students who were uncertain of future career options. However, we do see a sharp rise, 10.2%, in students experiencing difficulty with coursework. This is likely due to a more rigorous and structured first-year experience class in the POST-STEP group. The new fall semester course which is intended to answer the question "what do engineers do?" replaced a generic engineering graphics course and has a lab component to allow the students to apply what they have learned in the classroom. The 3-credit spring course replaced an existing 2-credit hour course which introduced basic programming using Lego's NXT equipment. The new course incorporates Arduino microcontrollers and several team oriented design projects.
Conclusions
Lessons Learned
The following observations are offered for institutions seeking to perform a similar assessment in order to capture data related to attrition. The complete survey can be found in Appendix A.
Response rates for this type of survey were expected to be low so several incentive techniques were utilized including: personal phone calls from faculty, a gift card raffle and a small $10 gift card for all responders. While the phone calls achieved good responses it was very labor intensive. The gift card raffle was not significant enough to lure enough responders, however, the $10 gift card achieved close to a 30% response rate and was not difficult to implement using Amazon electronic gift cards and email accounts. Those who did respond were extremely honest in their open comments and suggestions for improvement of our programs and some took a significant amount of time to convey their experiences while in our program.
More specific influences should have been added concerning the question entitled "Rank the top influences on your decision to change your major from engineering to something else" ( Figure  4 ). There was too much overlap between the influences on "losing motivation" and "uncertain of future career options". Furthermore, questioning concerning the effect of specific retention initiatives such as peer and faculty mentoring would have been helpful in evaluating our firstyear program.
One improvement that could be made to a "leaver" survey is to seek an indication of the level of engineering knowledge prior to starting a degree program. The groundbreaking work of Simon and Hewitt 11 tell us that those who persist in engineering programs are academically similar to those who do not. There may be some research opportunities to determine the effect of precollege activities and their relation to persistence in engineering programs. While being academically similar, most students have varying levels of their knowledge of the engineering discipline. A question that asks about participation in high school programs such as robotics, preengineering, Project Lead the Way, advanced math, science etc. may be beneficial in tying persistence in engineering programs to the influence received prior to the collegiate level.
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Final Conclusions
No program will ever achieve a 100% retention rate. The SEET has adopted proven methods to support engineering students through various forms of mentoring and first-year experience courses designed to motivate the student to persist in their field of study. This is all backed with a solid support system providing several resources to ensure success of the first-year student. The program is working as evidenced by the increased retention rates and anticipated increase in graduation rates. However, students are still leaving, albeit at a slower rate than previously. The "leaver" survey tasked with identifying the reasons for the attrition has not suggested any significant differences in the data since our retention program began in 2010. All of this is not to degrade the value of a "leaver" survey. This instrument still provides excellent data on the influences affecting attrition and was a major factor in constructing a retention program that has proven to be effective.
While the data provided by the "leaver" survey is useful for the implementation of retention programs it is far from perfect. Future deployments of the survey will include some modifications to help narrow the focus of reasons why students leave engineering. It may also include additional questions to assess the effectiveness of retention initiatives associated with our STEP grant such as the peer and faculty mentorship programs and first-year experience courses.
We know that not every student entering an engineering program is destined to end up an engineer. We have learned from Ohland et al's work 12 that engineers are a persistent group and there are a large number of FTIC students who very clearly follow the path towards that goal. We also learn know from Eris et al's work 13 that a major factor among persistence is dependent on pre-college influences and mentors that our out of our control. Our programs are designed to mentor those students who are intent on an engineering field of study while providing a realistic picture of the career for those who are less intent of pursuing engineering for their future.
Both the quantitative and qualitative data collected through the leaver survey point to the primary reason why students leave the SEET as being a lack of motivation to study engineering. This reason has not changed since the implementation of our retention initiatives in 2010 and is consistent with others findings in this area. When reviewing all of open-ended responses on the question "in my own words, this is why I left" the permeating theme is the lack of regret over the decision to leave engineering. There is not a single response lamenting the decision and desiring to work their way back into the engineering program. The over-arching conclusions was that due to various reasons, mainly associated with motivation or career paths, engineering was not the correct road to pursue. As the quantitative data from the survey supports, this was just as true before our initiatives as it is after. Additional data from other assessment instruments prove that the retention initiatives are providing a better understanding of the engineering profession and though not fully supported by this "leaver" survey data it appears that the FTIC students are being provided a more realistic picture of what they may expect with a career in engineering. We can ascertain that our initiatives are helping those on the fringe of remaining in engineering while highlighting an incompatibility for others.
